Background: Epidemiologic evidence supported a role for vitamin D and vitamin D receptor
INTRODUCTION
are associated with cancer risk at multiple sites (2) (3) (4) (5) (6) (7) (8) .
Vitamin D is mainly synthesized following the skin's exposure to solar ultraviolet radiation (UV-B). Alternatively, it can be found naturally in some foods or it can be ingested from supplementation. Vitamin D is hydroxylated in the liver to produce 25(OH)D which is then converted into 1,25(OH)2D by the VDR (1) . Beyond VDR, the biological effects of vitamin D are mediated by an abundance of the vitamin D binding protein (DBP), which is a key protein in vitamin D metabolism. DBP is a member of the albumin and alpha-fetoprotein gene family, and it is the major transport protein of vitamin D metabolites to different target organs (9) (10) (11) . Indeed it has been hypothesized that levels of DBP may affect the delivery of 25(OH)D to the kidney and other organs, and of 1,25(OH)2D to target organs (10, 12) .
The gene encoding DBP protein, known as ''group-specific component'' (GC), is located on chromosome 4 (4q11-13) and is highly polymorphic (9, 12) . Several non-synonymous coding single nucleotide polymorphisms (SNPs) were described, two of them with common frequency: Glu416Asp (rs7041) and Thr420Lys (rs4588). rs7041 and rs4588 have been shown to alter plasma concentrations of 25(OH)D in candidate gene studies (10, 13) . Furthermore, genome wide association studies shown that GC rs2282679 and rs1155563 were associated with serum 25(OH)D levels (11, 14) . Association studies of several polymorphisms in the GC gene and of DBP level have been performed to investigate their role in different types of cancer development, and obtained controversial results (15) (16) (17) (18) (19) (20) (21) (22) (23) . Thus, we decided to carry out a comprehensive literature search and meta-analysis to investigate the association between different GC polymorphisms, DBP level and cancer risk providing quantitative summary risk estimates of the association and identifying sources of between-study heterogeneity.
MATERIALS AND METHODS

Search strategy, Inclusion Criteria, and Data Abstraction
In order to identify published papers and abstracts on DBP serological levels, GC polymorphisms and cancer, we carried out a comprehensive and systematic literature search updated to October 2014 using PubMed, EMBASE, and ISI Web of Knowledge. To identify the publications we used combinations of the following keywords: "25-hydroxyvitamin D", "DBP", "GC", "vitamin D metabolites", "vitamin D polymorphism" and "cancer". We also checked the references from retrieved articles and reviews to identify any additional relevant study.
We considered eligible for the present analysis all independent studies reporting frequency and/or risk estimates with a corresponding measure of uncertainty (i.e. 95% confidence interval (CI), standard error, variance or P-value of the significance of the estimate) of DBP serological levels and/or any GC polymorphism for cancer of any type and controls.
We found 226 papers matching our keywords (Figure 1 ), but we excluded 152 publications with title and/or abstract not relevant for the end-point of this study. We considered full-text articles of the remaining 74 papers. Out of them, 30 were excluded because there were no data on DBP and/or GC polymorphisms, 13 were excluded because there were case-only studies, 2 were excluded because there were not enough data to estimate Odds Ratios (ORs) and 95% CI. From the remaining 29 studies, we further excluded one study (24) because both cases and controls had HCV infection and could therefore not be considered as representative of the general at-risk population; and one study (25) because the study population overlapped with papers based on larger samples from the same population. Twenty-seven independent case-control studies were eventually considered for the present meta-analysis: 9 provided data on DBP levels and 18 on GC polymorphisms. For GC analysis, we selected studied polymorphisms for which appropriate data were available from at least three independent studies: rs2282679, rs12512631, rs7041, rs4588, rs17467825, rs1155563 and rs1352844.
For each study, we extracted adjusted ORs with 95% CI for each DBP quartile or quintile and/or for DBP unit increase, and for each GC polymorphisms. Furthermore we gathered cases and controls frequency data on wild type (WT), heterozygous and variant homozygous alleles for each GC polymorphism according to cancer type. Further information were extracted from the selected papers, including: study design, study country, publication year, source of controls, source of DNA, genotyping method, matching variables and ethnicity.
Articles were reviewed and data were extracted and cross-checked independently by three investigators. Any disagreement was resolved by consensus among the three. In case of doubt about interpretation of the original data, we also contacted principal investigators of the study articles asking for clarifications.
Data analysis
First of all, we computed the Summary OR (SOR) estimates for the 'highest' vs the 'lowest' category of DBP level. When the information was available, we also calculated the summary estimates of the dose-response effect of DBP level on cancer risk. The procedure is based on two steps: first, a linear model was fitted within each study to estimate the OR per unit of DBP level increase. When sufficient information was published (i.e. the number of subjects at each serum level category), the model was fitted according to the method proposed by Greenland and Longnecker (26) . This method provides the natural logarithm of the OR, and an estimate of its standard error, taking into account that the estimates for separate categories are referred to the same reference category. When the number of subjects in each serum level category was not available from the publications, coefficients were calculated discounting the correlation between the estimates of risk at the separate exposure levels. In the second step, the SOR was estimated by pooling the different study-specific estimates using the random effect models with summary effect size obtained from the estimation of maximum likelihood. Confidence intervals were computed assuming an underlying t-distribution. When there were more than one OR calculated in a single study (i.e. analysis by different type of cancer), we adjusted the pooled estimates taking into account the correlation within-studies by using the multivariate approach of van Houwelingn et al (27) .
Beyond DBP serological levels, we performed a second analysis on GC. Through random effect models we calculated SORs with 95% CI, when possible, for heterozygous and variant homozygous genotype of each GC polymorphism, and according to the additive and dominant model of inheritance. When the included studies reported adjusted ORs, we used them instead of the crude ORs in order to take into account adjustment for possible confounders. We also polymorphism with 'any cancer site', aggregating all sites. Then we performed the analyses stratified by ethnicity (Caucasians, others) and by cancer sites for the two most studied GC polymorphisms (rs7041 and rs4588) for which at least three estimates were available in each stratum. Because of the small number of studies on each cancer type, we aggregated cancer types on the basis of strong evidence for a protective vitamin D relation in previously published studies (2, 6, (28) (29) (30) (31) . According to this classification, we considered basalioma, breast, colorectal and melanoma as Vitamin D-associated tumors; endometrial, esophageal, gastric, hepatocellular, pancreatic and prostatic cancer as Vitamin-D not associated tumors.
For the all analysis above described, we evaluated homogeneity among study-specific estimates by the Q statistic and I 2 , which represents the percentage of total variation across studies that is attributable to heterogeneity rather than to chance. A threshold of I 2 below 50% is considered an acceptable level of variability (32) . When significant heterogeneity was revealed, we performed sensitivity analysis and meta-regression to investigate potential sources of between-studies heterogeneity. Variables assessed in meta-regression analysis are: departure from HWE (for GC analysis) , source of controls, publication year, geographical area, ethnicity, age and cancer site.
Publication bias was graphically represented by funnel plot and formally assessed by Egger's test (33) .
The analysis was carried out using SAS (version 9.2) and STATA (version 11.2). Table 1 (N=9/27, 33%). The investigated cancer sites were colon-rectum (number of estimates=7), breast (5), prostate (5), melanoma (3), bladder (2), pancreas (2), basal cell carcinoma (1), endometrium (1), esophagus (1), kidney (1), liver (1), and stomach (1). Departure from HWE was observed in 3 studies (20, 22, 35) for rs2282679, rs12512631 and rs12512631 polymorphisms, respectively. Figure 2 represents ORs with 95% CI for DBP serological levels comparing the highest quartile (or quintile, if available) with the lowest class for each study with available information. A borderline decrease in cancer risk was found for subjects with high levels of DBP compared with subjects with low levels of DBP (OR; 95%CI: 0.75; 0.56-1.00). Heterogeneity among studyspecific estimates was high (I 2 =67%), but it seems not attributable to any of the following variables evaluated in meta-regression analysis: source of controls, publication year, geographical area, ethnicity, average age and cancer site. Otherwise, the observed heterogeneity seems to be mainly due to one single study (23) , with very low risk estimate. By excluding this study in sensitivity analysis, the between-study heterogeneity was no more evident (I (Table 2) . We found no statistically significant association between each study polymorphism and cancer at any site.
RESULTS
DBP serological levels
When we investigated different models of inheritance for the two most studied polymorphisms, rs7041 and rs4588 (Table 3) , we did not observe any significant increase of cancer risk at any site.
For these two polymorphisms we had enough data to perform stratified analyses according to tumor site and race. Table 4 shows the results for different inheritance models. We did not find a significant association for the two polymorphisms neither with tumors previously associated or not with vitamin D, nor stratifying on Caucasian and other ethnic groups.
Sensitivity analyses excluding studies that do not respect HWE did not show important changes in results.
Furthermore funnel plots and Egger's tests did not detect publication bias (results not shown).
DISCUSSION
We found a borderline decrease in cancer risk for subjects with high levels of DBP compared with subjects with low levels of DBP (SOR; 95%CI: 0.75; 0.56-1.00 for the highest versus the lowest quartile/quintile), with high between-study heterogeneity (I 2 =67%) due to the inclusion of one study on renal cancer (23) with a very low risk estimate. After exclusion of this study in sensitivity analysis, the SOR was no longer significant, but the risk estimate from the dose- The importance of DBP comes from the consideration that a controversy surrounds the precise level of total 25(OH)D at which calcium absorption declines or parathyroid hormone levels increase (38, 39) . Thus labeling the majority of the black subjects with low 25(OH)D levels as vitamin D-deficient would be inconsistent with the observation that they had higher bone mineral density, higher calcium levels, and only slightly higher parathyroid hormone levels than their white counterparts, as observed in a previous study (40) Our meta-analysis did not suggest significant alterations in cancer risk for subjects carrying any of the studied GC polymorphisms compared to wild-type subjects. This results could be explained by the hypothesis that measurement of the circulating protein is more biologically effective than the role of mutations in genes that may only explain a portion of DBP status.
Several previous studies have failed to identify significant association between GC polymorphism and cancer at different sites. Recently published data from the Ontario Pancreas Cancer Study (21) , showed no significant association between GC rs2282679, rs7041 and rs4588 with pancreas cancer, with adjusted ORs around 1.00. Moreover, a pooled-analysis of published case-control studies did not show a significant association between GC rs2282679 and colorectal cancer (41) . Furthermore other studies including Colon Cancer Family Registry (42) investigated the association between the two most studied polymorphism (rs7041 and rs4588) and cancer risk at different sites such as liver, oesophagus, stomach and colon-rectum, and found only one significant association between rs4588 and colorectal cancer. The controversial results of these studies with our meta-analysis may be due either to sporadic association found by chance in previous studies, either to a possible specific role of some GC polymorphisms on cancer at specific sites. This may reflect the involvement of GC gene in mechanisms which are cancer-specific, rather than in general mechanisms involved in carcinogenesis process, as the ones in which vitamin D is involved: reduction of cell proliferation, cell growth, invasion, angiogenesis, and metastasis (1). Unfortunately, we were unable to assess the association of each studied GC polymorphism with each cancer type due to the limited amount of published data.
Furthermore lack of significant association s between GC genes and cancer risk may be due to the fact that genetic variation may not have been captures by the variants taken into account.
To our knowledge the present is the first meta-analysis which evaluates the association between DBP serological level and several GC polymorphisms and risk of any type of cancer. Through this meta-analytic approach, we could provide powerful and robust summary risk estimates at least for the two most studied GC polymorphisms and according to different model of inheritance, and we were eventually able to provide a comprehensive review of the role of both DBP and GC in cancer risk.
One limitation of our meta-analysis is that we were not able to take into account other factors, like vitamin D intake, vitamin D levels, sun exposure, VDR, and 25(OH)D plasma levels that could modify the risk estimates, as reported in previous publications (50) (51) (52) (53) (54) . Furthermore, the lack of data made not possible to assess the association between DBP serological levels and each cancer type so that our conclusions should be interpreted cautiously. that other polymorphisms in the GC gene not here evaluated because of the low number of published studies, may in fact influence the risk of cancer.
In conclusion, we suggested a borderline reduction of cancer risk at any site for subjects with high serological DBP levels compared to subjects with low serological DBP levels. We did not observe any statistically significant association between variants in GC gene and cancer risk in this meta-analysis. These results need to be validated in further studies. Mondul (16) Mondul (23) Anic (56) Wang (17) Mondul (55) Author Weinstein (57) Weinstein (18) Weinstein ( 
